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Abstract 
Many food products such as ice cream, yoghurt, and mayonnaise are some examples of emulsion-based food. The 
physicochemical properties of emulsions play an important role in food systems as they directly contribute to texture, 
sensory and nutritional properties of food. One of the main properties is stability which refers to the ability of an 
emulsion to resist physical changes over time. The aim of the present work was to analyze the effect of processing 
conditions and composition on sodium caseinate (NaCas) emulsions stability. The main destabilization mechanisms 
were identified and quantified. The relationship between them and the factors that influence them were also 
investigated. Emulsions stabilized with NaCas were prepared using an ultrasound liquid processor or a high pressure 
homogenizer. Stability of emulsions was followed by a Turbiscan (TMA 2000) which allows the optical 
characterization of any type of dispersion. The physical evolution of this process is followed without disturbing the 
original system and with good accuracy and reproducibility. To further describe systems, droplet size distribution was 
analyzed with light scattering equipment. The main mechanism of destabilization in a given formulation depended on 
different factors such as NaCas concentration, droplet size or processing conditions. The rate of destabilization was 
markedly lower with addition of sugar or a hydrocolloid to the aqueous phase. Xanthan (XG) and locust bean (LBG) 
gums produced an increase in viscosity of the continuous phase and structural changes in emulsions such as gelation. 
Sugars interacted with the protein decreasing particle size and increasing emulsion stability. The stability of caseinate 
emulsions was strongly affected not only by the oil-to-protein ratio but also by processing conditions and 
composition of aqueous phase. The structure of the protein and the interactions protein–sugar or the presence of a 
hydrocolloid played a key role in creaming and flocculation processes of these emulsions. 
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1.Introduction 
Emulsions are commonly encountered in food systems. Many traditional food products such as ice 
cream, low-fat spreads, yoghurt, mayonnaise, cake batters, whipped toppings, dairy creamers and cream 
liqueurs are some examples of emulsion-based food. The physicochemical properties of emulsions play 
an important role in food systems as they directly contribute to texture, sensory and nutritional properties 
of food. One of the main properties is stability which refers to the ability of an emulsion to resist changes 
in its properties over time. Physical instability results in an alteration in the spatial distribution or 
structural organization of the molecules. Creaming, flocculation, coalescence, partial coalescence, phase 
inversion, and Ostwald ripening are examples of physical instability. The development of an effective 
strategy to prevent undesirable changes in the properties of a particular food emulsion depends on the 
dominant physicochemical mechanism(s) responsible for the changes. In practice, two or more of these 
mechanisms may operate in concert. It is therefore important for food scientists to identify the relative 
importance of each mechanism, the relationship between them, and the factors that influence them, so that 
effective means of controlling the stability and physical chemical properties of emulsions can be 
established [1]. 
Most dispersed multiphase systems are thermodynamically unstable per se and thus require 
stabilization. In the food industry, actually stabilization of emulsions is obtained by the addition of 
proteins. NaCas is widely used as an ingredient due to its functional properties, which include 
emulsification, water and fat-binding, thickening and gelation [2]. The addition of this protein has a 
double stabilizing effect since it provokes together with other added surfactants an increase of both 
viscosity of the continuous phase and stability of the interface. 
Emulsions have been studied by numerous techniques, such as particle sizing, microscopy, rheology, 
among others, to characterize their physical properties. Most of these techniques involve some form of 
dilution. This dilution disrupts some structures that contribute to destabilization. The ability to study the 
stability of food emulsions in their undiluted forms may reveal subtle nuances about their stability. A 
relatively recently developed technique, the Turbiscan method, allows scan the turbidity profile of an 
emulsion along the height of a glass tube filled with the emulsion, following the fate of the turbidity 
profile over time. The analysis of the turbidity profiles leads to quantitative data on the stability of the 
studied emulsions and allows making objective comparisons between different emulsions [3].          
The aim of the present work was to analyze the effect of processing conditions and composition on 
sodium caseinate emulsions stability. The main destabilization mechanisms were identified and 
quantified. The relationship between them and the factors that influence them were also investigated. 
 
2.Materials and Methods 
Emulsions stabilized with 0.5, 2 or 5 wt.% sodium caseinate, with or without 20 or 30 wt.% sucrose or 
trehalose or xanthan or locust bean gum aqueous phase solution, and 10 wt.% sunflower oil as fat phase 
were prepared by further homogenize a coarse emulsion (ultraturrax) with an ultrasound liquid processor 
or with a high pressure homogenizer. The emulsion stability was analyzed using a vertical scan analyzer 
Turbiscan MA 2000 which was described elsewhere [4]. This equipment allows the optical 
characterization of any type of dispersion [5]. The samples were scanned from the bottom to the top in 
order to monitor the optical properties of the dispersion along the height of the sample placed in the cell. 
In this way, the physical evolution of this process is followed without disturbing the original system and 
with good accuracy and reproducibility. Thus, by repeating the scan of a sample at different time 
intervals, the stability or the instability of dispersions can be study in detail. The profiles allow calculation 
of either creaming, sedimentation, or phase separation rates, as well as flocculation, and the mechanism 
making the dispersion unstable can be deduced from the transmission or the backscattering data [3]. 
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Measurements were performed immediately after preparation of emulsions and at different times for a 
week. The curves obtained by subtracting the BS profile at t = 0 from the profile at t ('BS = BSt - BS0), 
display a typical shape that allows a better quantification of creaming, flocculation and other 
destabilization processes. Creaming was detected using the Turbiscan as it induced a variation of the 
concentration between the top and the bottom of the cell. The droplets moved upward because they had a 
lower density than the surrounding liquid. When creaming take place in an emulsion, the 'BS curves 
show a peak at heights between 0–20 mm. The variation of the peak wide, at a fixed height, during the 
studied time, can be related to the kinetics of migration of small particles [5]. The creaming 
destabilization kinetics was evaluated by measuring the peak thickness at 50% of the height at different 
times (bottom zone). The slope of the linear part of a plot of peak thickness vs. t gives an indication of the 
migration rate. BS mean values (BSav) change with the increase in particle size. Flocculation was 
followed by measuring the BSav as a function of storage time in the middle zone of the tube. As was 
theoretically demonstrated [5], the BS intensity decreased as the particle size increased (when particle 
size is higher than the wavelength (Ȝ) of the incident light). It should be mentioned that if the particle size 
is lower than Ȝ of the incident light, BS increase with particle size. This phenomenon was used by several 
authors to determine flocculation kinetics [3,4]. The optimum zone was the one no affected by creaming 
(bottom and top of the tube), that is, the 20–50 mm zone. To further describe the system, droplet size 
distribution was analyzed with a light scattering equipment.  
3.Results and Discussion 
3.1 Effect of aqueous phase composition on particle size 
Table 1 shows volume-weighted mean diameter (D4,3, Pm), volume percentage of particles exceeding 
1 Pm in diameter (%Vd>1), and width of the distribution (W) for emulsions with different formulations 
prepared in different processing conditions. Control emulsions had NaCas in the aqueous phase and no 
addition of sugar or a hydrocolloid was done in these systems. They appeared in Table 1 as no sugar 
emulsions and the only indication in the name was the NaCas concentration.    
The following conclusions may be drawn from Table 1: a) D4,3, %Vd>1, and W significantly decreased 
as NaCas concentration increased (p < 0.05) indicating that protein concentration limited the fat globule 
size in this concentration range; b) D4,3 for emulsions with sugar in the aqueous phase was always smaller 
than for the emulsions without sugar showing that trehalose or sucrose had strong interactions with the 
protein influencing droplet size; c) emulsions prepared using only an Ultraturrax had D4,3 an order of 
magnitude higher than emulsions further homogenized by ultrasound equipment; d) in most cases, 
emulsions that contained XG or LBG had D4,3 greater than formulations without sugar showing a negative 
effect on particle size. 
 
Table 1. Volume-weighted mean diameter (D4,3, Pm), volume percentage of particles exceeding 1 Pm in diameter (%Vd>1), and 
width of the distribution (W) of emulsions formulated with sunflower seed oil (SFO) as fat phase and different aqueous phases using 
different processing conditions immediately after preparation 
 
Sample D4,3 % Vd>1 W 
NoSugar05NaCasUS 1.52 61.75 2.26 
NoSugar2NaCasUS 1.38 65.56 1.83 
NoSugar5NaCasUT 16.35 38.71 19.25 
NoSugar5NaCasUS 0.87 95.73 1.90 
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Sample D4,3 % Vd>1 W 
20T05NaCasUS 0.75 18.78 1.32 
20T05NaCasHP 1.10 17.8 1.92 
20T2NaCasUS 0.41 5.09 0.54 
20T5NaCasUT 12.71 98.23 19.99 
20T5NaCasUS 0.22 1.85 0.33 
20S05NaCasUS 0.75 19.36 1.32 
20S2NaCasUS 0.42 6.31 0.73 
20S5NaCasUT 9.95 90.95 19.27 
20S5NaCasSFOUS 0.24 1.51 0.24 
NoSugar05NaCas05XGUT 23.17 99.99 26.44 
NoSugar05NaCas05XGUS 4.47 53.88 16.89 
NoSugar2NaCas05XGUT 17.93 99.88 19.20 
NoSugar2NaCas05XGUS 4.08 28.76 16.22 
NoSugar5NaCas05XGUT 10.57 99.99 11.75 
NoSugar5NaCas05XGUS 0.40 4.61 0.63 
NoSugar05NaCasLBGUT 27.98 99.97 68.85 
NoSugar05NaCasLBGUS 7.41 60.16 3.60 
NoSugar2NaCasLBGUT 15.23 97.20 16.26 
NoSugar2NaCasLBGUS 1.45 12.15 1.04 
NoSugar5NaCas05LBGUT 54.72 99.98 92.02 
NoSugar5NaCas05LBGUS 2.09 9.75 1.12 
T: trehalose, S: sucrose, US: ultrasound, HP: high pressure, UT: ultraturrax, XG: xanthan gum, LBG: 
locust bean gum, 0.5, 2, and 5: wt% of NaCas (sodium caseinate) 
3.2 Stability studies 
To study the global stability of emulsions the BS profiles were analyzed at different storage times. 
These profiles constitute the macroscopic fingerprint of the emulsion sample at a given time. For 
emulsions which had only NaCas in the aqueous phase, the main mechanism of destabilization in a given 
formulation depended on NaCas concentration (data not shown). The emulsion stabilized with 0.5 wt.% 
NaCas destabilized mainly by creaming whereas for the emulsions with 2 wt.% or 5 wt.% NaCas the 
main mechanism of destabilization was flocculation. Fig. 1 shows the 'BS profiles as a function of time 
for emulsions with different concentrations of sodium caseinate and 20 wt.% sucrose added to the 
aqueous phase. Emulsion formulated with 0.5 wt.% NaCas destabilized mainly by creaming (A). It is 
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noticed from the decrease in BSt at the bottom of the tube and a concomitant increase of BSt in the upper 
zone attributed to the formation of a cream layer. The top of the profile had a shape indicative of the 
migration of individual particles. In 'BS mode (Fig. 1A), curves show a peak at heights between 0–20 
mm. The slope of the linear part of a plot of peak thickness vs. t, the migration rate, was 0,0298 mm/h. 
For the 2 wt.% NaCas emulsion, both creaming and flocculation mechanisms, were involved. The BS 
profile showed that creaming process occurred during the first 51 h. Migration rate was 0,0197 mm/h. 
The profiles displayed in the reference mode (Fig. 1B) had a peak at the bottom of the tube typical of 
migration of small particles. Then, there was a great increase in BS at the top of the tube which suggested 
migration of aggregates/flocculates. In addition, during that time, there was also a noticeable decrease in 
BSav indicative of an increment in the mean diameter particle. This behavior may be associated to 
coalescence or flocculation. To distinguish both alternatives D4,3 was measured after a week at 22.5 °C in 
the middle zone of the tube (20–50 mm). The obtained value was smaller than emulsion initial value. This 
was expected since after one week the distribution of particles was not homogeneous as it was at the 
beginning of storage and regarding that greater particles tend to move to the top. The flocculates formed 
in quiescent conditions were weak aggregates and most likely they were separated in the light scattering 
equipment as consequence of shear forces, exerted during the measurement of particle size in the 
Mastersizer, which will be sufficient to break-up the weak reversible flocculation. The 5 wt.% NaCas 
emulsion (Fig. 1C) did not flocculate during a week at 22.5 °C. Its BS remained almost unchanged during 
storage showing a great stability. This sample remained fully turbid and in the liquid state. As in the case 
of emulsions without sucrose, the main mechanism of destabilization in a given formulation depended on 
NaCas concentration. However, the rate of destabilization was markedly lower with addition of sugar. 
This was in agreement with the decrease in D4,3 caused by the sugar. It is likely that sugars interact with 
the protein modifying emulsion structure and therefore its stability.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Delta back scattering (BS) profiles as a function of the tube length with storage time (samples were stored for 1 week, black 
curve corresponds to 1 week) in quiescent conditions for emulsions with sunflower oil (SFO) as fat phase, 20 wt.% sucrose added to 
the aqueous phase, and different concentrations of sodium caseinate: (A) 0.5 wt.%, (B) 2.0 wt.%, and (C) 5.0 wt.%. Tube length 60 
mm.  
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 As an example Fig. 2 shows the 'BS curves for the emulsion formulated with 10 wt. % SFO and 5 wt. 
% NaCas (part A and B). The sample in part A was mixed using an Ultra-Turrax high speed blender 
giving a coarse emulsion, and then was further homogenized using an ultrasonic liquid processing 
resulting in a fine emulsion (Fig. 1B). Both, coarse and fine emulsions had a monomodal particle size 
distribution, the parameters of which are shown in Table 1. Fig. 2A shows a typical profile of a sample 
which main destabilization mechanism was creaming of individual particles with a peak at heights 
between 0–20 mm. For the example, creaming of small particles started after 12 min with a creaming rate 
of 48.07 mm/h. Fig. 2B shows as an example 'BS profiles of a sample which main destabilization 
mechanism is flocculation. The absence of a creaming peak in the 0-20 mm zone indicates that creaming 
of small particles is neglectable in this emulsion. For the example, there were almost no changes in BS for 
the first 4 h. Then, there was a rapid flocculation that took place during the first 21 h of storage. Finally, 
the 'BS with time reached an asymptotic value. As indicated by the direct profile (not shown), in this 
case, creaming was caused for migration of flocculates. In our systems, creaming that took place in coarse 
or fine-particles emulsion started at different times. For emulsion in Fig. 2A the delay was 12 min while 
for emulsion in Fig. 2B it was 10 h. This difference in creaming behavior was probable due to the fact 
that creaming occurred as a result of two different phenomena: migration of small particles or migration 
of flocculates. Both emulsions were formulated in the same way, that is they have the same oil-to-protein 
ratio, but were prepared using different processing conditions, giving very different particle size and 
therefore showing different creaming behaviors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Delta back scattering ('BS) profiles as a function of the tube length with storage time (samples were stored for 1 week, black 
curve corresponds to 1 week) in quiescent conditions for emulsions with sunflower oil (SFO) as fat phase prepared using different 
processing conditions: (A) No sugar, 5 wt.% NaCas, coarse emulsion prepared by ultraturrax, (B) No sugar, 5 wt.% NaCas, further 
homogenized by ultrasound (C) 0.5 wt.% NaCas and 0.5 wt.% XG, coarse emulsion prepared by ultraturrax, and (D) 0.5 wt.% 
NaCas and 0.5 wt.% XG, further homogenized by ultrasound. NaCas: sodium caseinate, XG: xanthan gum. 
    
In a previous work in our lab [6] we study the effect of emulsion stability on initial retention of a low-
trans fat encapsulated in a trehalose matrix. The emulsion formulated with SFO and NaCas in an oil-to-
protein ratio of 8 was very stable after 195 h at 22.5 °C. No creaming and coalescence occurred and, as a 
result of that, it remained fully turbid and no clarification was detected by the transmission detector. This 
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emulsion also had a 20 wt.% trehalose dissolved in the aqueous phase. In that work, the pre-emulsion was 
further passed through a two-stage valve high pressure homogenizer giving a D4,3 of 1.10 ± 0.13 (Table 
1). In the present study the pre-emulsions were further homogenized for 20 min using an ultrasonic liquid 
processing. The oil-to protein ratios selected varied from 20 to 2 giving the D4,3 values reported in Table 
1. Emulsions were stable only when the oil-to-protein ratio was 2 (Figure 1C). This means that the oil-to-
protein ratio that gave long stability depended on processing conditions. 
Fig. 2C and D shows as an example the effect of addition of XG on emulsion stability. Emulsion 
reported in part C was prepared using an ultraturrax. As shown in Table 1 particle size is significantly 
higher than for emulsion further homogenized by ultrasound. However, UT emulsion remained 
completely stable after a week of storage at 22.5 °C. It is well known that XG is able to form a gel in 
aqueous phase. The change in emulsion structure improved its stability. Part D corresponds to the UT 
emulsion further homogenized by ultrasound. This treatment destroyed the gel and therefore emulsion 
viscosity was lower than in Part C. As was expected for this oil-to-protein ratio, the 'BS profiles with 
time showed destabilization by creaming of small particles. 
4.Conclusion 
From our results and others discussed in literature, it is clear that the stability of caseinate emulsions 
was strongly affected not only by the oil-to-protein ratio but also by processing conditions and 
composition of aqueous phase. The structure of the protein and the interactions protein–sugar played a 
key role in creaming and flocculation processes. 
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